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[1£,2Kiicrialcooen-subseo^^ synthons, and P-chiral oligonucleotides and related P- 

chirai polymers. 
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The invention relates generally to the solid phase synthesis of oligonucleotides, and more particularly, to 
methods and compounds for synthesizing P-chiraJ oligonucleotide analogs. 

The development of reliable and convenient methods for solid phase synthesis of polynucleotides has led 
to many advances in molecular biology and related fields, e.g. Itakura, Science, Vol. 209, pgs. 1401-1405 

c (1980): Caruthers, Science. Vol. 230, pgs 281-285 (1985); and Eckstein, ed.. Oligonucleotides and Analogues: 
A Practical Approach (IRL Press, Oxford, 1991). In particular, the avaBabilrty of synthetic oligonucleotides and 
a variety of nud ease-resistant analogs, e.g. phosphorothloatBs, memylphosphonates, and the Ike, has encour- 
aged investigation Into their use as therapeutic compounds for treating a variety of conditions associated with 
the inappropriate expression of indigenous and/or exogenous genes, e.g. Cohen, Ed., Oligonucleotides: An ti- 
ro sense Inhfcftors of Gene Expression (MacmSlan Press, New York, 1989); Van der Krol et at, Biotechniques, 
Vol. 6, 958-976 (1988); Matsukuraetal, Proc Natl. Acad. ScL, Vd. 86. pgs. 4244-4248 (1989); Iyer et at. Nucleic 
Adds Research, Vol. 18, pgs. 2855-2859 (1990); Letter et al, Proc Natl. Acad. Set, Vol. 87, pgs. 3430-3434 
(1990); McManaway et al, Lancet, Vol. 335, pgs. 808-811 (1990); Manaon et al, Lymphokine Research, Vol. 
9. pgs. 35-42 (1990); Sanxaret al, Eur. J. Biochem., VoL 184. pgs. 39-45 (1989): Agrawal et al, Proc Natl. 

rs Acad. Set, VoL 86, pgs. 7790-7794 (1989); Miller, Biotechnology, Vol. 9, pgs. 358-362 (1991); Chiang et al, J. 
Biol. Chem., Vol.268, pgs. 18162-18171 (1991); Calabretta. Cancer Research, Vol.51, pgs. 4505-451 0(1 991), 
and the Ilka. Usually, these compounds are employed as "antisense" compounds. That Is, the compounds are 
oligonucleotides, or analogs thereof, that have a base sequences complementary to segments of target nucleic 
acids, usually RNAs, such that duplexes or triplexes form that either render the respective targets more sus- 

20 ceptible to enzymatic degradation, block translation or processing, or otherwise block or rihibrt expression, e.g. 
Cohen (cited above); Moser et al, Science, Vol. 238, pgs. 645-650 (1987). 

Many of the phosphate-analog linkages of these antisense compounds, as well as those of related non- 
nudeosidic polymers, are chiral at the phosphorus, e.g. phosphorothioates, phosphoroeelenoates, methyl- 
phosphenates, and the I fee, Zon, Pharmaceutical Research, VoL 5, pgs. 539-549 (1989); and Urdmann and 

25 Peyman, Chemical Reviews, Vol. 90, pgs. 543-584 (1 990). Currently, there Is no way to control the chiraJity of 
these phosphorus linkages during solid phase synthesis. Consequently, the synthesis of such polymers results 
in mixtures of d taste re otso mere, wherein the individual polymers of the mixtures have random sequences of 
Rp and S p chiral phosphorus linkages along their backbones. Such mixtures prepared by currently avaiable 
technology consist of 2" diastereoisorners, where n is the number of P -chiral linkages in the polymer. For 

90 example, a trtmer with two P-chfral linkages has 2*=4 possible diastereoisorners. Indicated by the following 5*- 
>3' sequences of linkages: Rp-R p , Rp-S p> S p -R p , and Sp-Sp. In addition to the lack of methods for synthesizing 
polymers of predetermined chiral rty, there is also a lack of available analytical tools for direct measurement of 
the reproducibiity of preparing a diastereo isomer population of polymers having P -chiral linkages for anything 
greater than 4-mers, Zon, pgs. 301-349 in Hancock, Ed., High- Performance Liquid Chrom ato graphy in 

95 Biotechnology (John Wley, New York, 1990). The Inability to prepare oligonucleotide analogs and related non- 
nudeosidic polymers with predetermined sequence, length, and chiral ity is problematic because there is strong 
evidence that chiral Ky is an Important factor In duplex stability and nuclease resistance, e.g. LesnkowskJ et a). 
Nucleic Acids Research, Vol. 1 8, pgs. 21 09-21 15 (1 990); Burgers et al, J. Biol. Chem, Vol. 254, pgs. 7478-7478 
(1979); Miller et at, Biochem,. Vol. 18, pgs. 5134-5143 (1979); Zon, Pharmaceutical Research (cited above); 

40 Eckstein, Ann. Rev. Biochem., Vol. 54, pgs, 367-402 (1 985); and the like. This evidence suggests that stereo- 
controlled synthesis of antisense and related compounds wfth predetermined chiral rty at each P-stereogenfc 
center might allow one to design particular therapeutic diastereoisorners which form maximally stable duplexes 
and which are maximally resistant towards nucteotytic enzymes, thus increasing their effective life times, and 
In this way ctocreaslng the required amount of xenoblotic material for a given therapeutic effect 

45 The invention is directed to a new method of synthesizing oligonucleotides and related polymers whose 

monomeric units are linked by phosphate groups, or analogs thereof. In a preferred embodirnent of the inven- 
tion, the method includes synthesis of such compounds with predetermined chiraJity whenever the phosphorus 
linkages are chiral. The Invention includes synthons and synthon precursors for making such polymers, as well 
as the polymers themselves whenever the phosphorus linkages are chiral and their sequence of chiraJity pre- 

60 determined. The synthons of the invention are hydroxyt-protected monomer-0-{1 ^^ichalcogeo-substituted- 
phospholanels which may be separated into their Rp and Sp chiral forms, where appropriate, to permit solid 
phase synthesis of a polymer having a predetermined sequence of Rp or S p linkages. 

The method of the Invention comprises the fallowing steps: (a) providing a first monomer attached to a soUd 
phase support, the first monomer having a protected hydroxy!; (b) de protecting the protected hydroxy! to form 

66 a free hydroxy}; (c) reacting with the free hydroxy! in the presence of a catalytic base a synthon selected from 
Formula I (below); and (d) repeating steps (b) and (c) until a polymer of predetermined length is obtained. Pref- 
erably, the method further comprises the step of capping unreacted hydroxy! groups after the step of reacting. 
An important feature of the method of the invention is to attach the first monomer to a solid phase support by 
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a linking group which is not cleaved in the presence of the catalytic base. 

Preferably, whenever a P-chiraJ linkage is formed between monomers, step (d) comprises repeating steps 
(b) and (c) until a polymer of predetermined length and chliaJlty to obtained. Most preferably, whenever a P- 
chiral linkage is formed between monomers and the monomers are nucleosides or analogs thereof, step (c) 
6 includes selecting the desired P-chiraJ form of the synthon of Formula I and step (d) comprises repeating steps 
(b) and <c) until a P-chiraJ ollgonucieotide of predetermined length is obtained. 

The present Invention provides a new chemistry for synthesizing oligonucleotides and related polymers 
having phosphate, or phosphate analog, linkages. In particular, whenever the phosphate analog linkages are 
P-chiral, the present invention provides a method of synthesizing polymers having a prede te rmined sequence 
10 of P-chiral ity along the polymer backbone. P-chiral oligonucleotides of the invention can be employed as anti- 
viral agents, anti sense therapeutic compounds, hybridization probes, and the Iks. 

The Invention provides a novel approach to solid phase synthesis of oligonucleotides and related polymers 
using liydroxyl-protected rrwnc*rter-0^1.3,2^ichak^ syntrtons. In partkaJar, the 

invention includes 2-N- substituted- 1 ,3^ichalcogen-sutetituted-phospholaTie precursors of the above synth- 
15 ons, the hyoroxy (-protected monomer-O-11 ,3,2^lchalccflen^ubstltuteo^priospholane] synthons themselves, 
and P-chiral oligonucleotides and related P-chiral polymers having lengths in the range of 4 to several hundred 
monomers, and preferably. In the range of 12 to 60 monomers. 

Polymers synthesized by the method of the invention generafy have the formula: 

20 



RL-O 



30 



Formula I 

ss 

wherein: Q is an alky! or aikenyi having from 1 to 8 carbon atoms; an afkytoxy or aikyfthto having from 1 to 8 
carbon atoms and from 1 to 2 oxygen or sulfur heteroatoms; or when taken together win both adjacent oxygens, 
la a nucleoside or a nucleoside analog. Preferably, Q Is afkyl or alkenyt having from 3 to 6 carbon atoms, or 
alkoxy having from 3 to 8 carbon atoms and one oxygen atom, or when taken together with both adjacent 

40 oxygens, is a nucleoside or a nucleoside analog. More preferably, Q is afkyl having from 3 to 6 carbon atoms, 
or a cyclic alkoxy having from 4 to 5 carbon atoms and one oxygen atom, or when taken together with both 
adjacent oxygens, is a nucleoside or a nucleoside analog. R 1 Is hydrogen or a hydroxy! protecting group, such 
as triphenylmethy! (i.e., trityl), p-anisyldiphenyl methyl (i.e., mo no met hoxytrityt or MMT), di-p-enisyl- 
p hen yl methyl (Le., dlmetrtoxytrttyi or DMT), prvaloyt, acetyl, 4-mettoxytetrahydropyran^-^, tetrahydropyranyl, 

45 phenoxyacetyl, tsobutytoxycarbonyl, pixy!, benzyl, trialkyisilyl having from 3 to 9 carbon atoms, 9-floorenylme- 
thyi carbamate (Fmoc), or the I ike. Greene and Wuts, Protective Groups in Organic Synthesis, 2nd Edition (John 
Wfley, New York, 1991) provides extensive guidance on the selection of protecting groups for the various embo- 
diments of the Invention. 

X is chaJcogen. preferably S. O, or Se. or a substituted imino of the form =NR 2 wherein R 2 is afkyl having 
so from 1 to 6 carbon atoms or R 2 is aryl, aJ ^substituted aryl, or aikenyi-subst luted aryi having from 6 to 12 
carbon atoms. Y Is chaJcogen, preferably S, O, or Se. n Is In the range of 1 to several hundred. Preferably, n 
is in the range of 5-200; more preferably, nisintherangel 2-60; and most preferably, n is in the range of 1 5-30. 

The synthons of the invention are riydroxyl-protected monomer-0-(1 ^,2-dtehalooger>eubstrtuted-phoe- 
pholane]s, preferably defined by the formula: 
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R- O- q-O 
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15 



Formula U 



Q, R\ X and Y are defined as above. Z is S or Se; and mare preferably, ZisS. R a , R\ R 6 , and R 6 are separately 
hydrogen or an electron-withdrawing group. Preferably, R 3 , R\ R 5 , and R* are separately alkyi having from 1 
to 4 carbon atoms, or are separately or together with the carbon atoms to which they are attached aryl or al- 
20 kyl-subs&uted aryl having from 6 to 12 carbon atoms. Whenever a particular selection of R*. R 4 , R 6 , and R 8 
result in chirallty, ft is understood that the synthon of Formula II is used with a given stereochemical array of 
these ring substrtuents. The synthon of formula II is made by reacting the following cyclic phosphite with a free 
hydroxy) of an appropriate monomer 



wherein Y, Z, and R* through R* are defined as above, and Wis a leaving group amenable to nucleophBIc attack 
by a free hydroxy! of a monomer. Preferably, W is halogen, dialkyiamino having from 2 to 6 carbon atoms, mor- 
40 phoiinylp pipertdinyl, or pyrrotidinyl. More preferably, W is selected from the group consisting of CI, morpholino, 
and diisopropytarnino. 

P-chlraJ polymers of the invention are generally defined by Formula I, with the provisos that X and Y are 
not the same in at least one linkage and that not all linkages in the same polymer need be identical. Mora par- 
ticularly. P-chiral oligonucleotides of the invention are defined by the formula: 




Formula III 



45 
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wherein X, Y. and R 1 are defined as above, again with the proviso that X and Y are not the same In at least 
30 one linkage and that not all linkages in the same oligonucleotide need be identical. B is a natural or synthetically 
modified purine or pyrimidine base. D' is a 3'-hydroxy! protecting group. D is hydrogen, halogen, hydroxy!, or 
- OR', wherein R'te alkyl having from 1 to 3 carbon atoms or a 2Miydroxyl protecting group, such as aJtysflyl, 
e.g. t-butyldlrnethyWIy} , or the lice. Preferably, n Is In the range of 5-200, and more preferably In the range of 
12-60. It is understood from Formula IV that P-chiraJ oligonucleotides of the invention may include 5'-3\ 
35 5 , -5 f , S'-S*. 2»-2\ and 3*-2' linkages between nucleosides by the appropiate selection of synthons of Formula 
D. 

The term "oligonucleotide" as used herein includes linear oligomers of natural or modified nucleosides, In- 
cluding deoxyrlbonucleo8lde8, ribonudeosldes, a-anomerloforms thereof, and the lice, usually linked by phoe- 
phodiester bonds or analogs thereof ranging in size from a few monomelic units, e.g. 3-4, to several hundreds 

40 of monomeric units. Preferably, oligonucleotides of the invention are oligomers of the natural nucleosides hav- 
ing a lengths in the range of 12 to 60 monomeric units, and more preferably, having lengths in the range of 15 
to 30 monomeric units. Whenever an oligonucleotide fe represented by a sequence of letters, such as 
"ATGCCTO,- it wil be understood that the nucleotides are in S'->3' order from left to right 

Phosphorus linkages between nudeosidic monomers include phosp hod tester bonds and analogs of phos- 

45 phodiester bonds, such as phosptwrothioate, phosprK>rodithioate, phcsphcroseJenoate, phcsphorwfselenoate, 
phosphoroaniofhioatB, phosph onanil idate, and the like. Preferably, the monomers of the oligonucleotides of the 
Invention are linked by phos phodiester, phosphorathloate, or phosphorodlthloate linkages. 

As used herein, "nucleoside" includes the natural nucleosides, induding 2-deoxy and ^-hydroxy! forms, 
e.g. as described in Komberg and Baker, DMA Replication, 2nd Ed. (Freeman, San Francisco, 1992). "Analogs" 

go in reference to nucleosides includes synthetic nucleosides having modified base moieties and/or modified 
sugar moieties, e.g. described generally by Schelt, Nucleotide Analogs (John Wley, New York, 1980). Such 
analogs Include the natural and synthetic nucleosides with or without appropriate protecting groups for synth- 
esis in accordance with the invention. An exemplary list of nucleoside analogs includes 2-eminopurine, 
deoxyinosine, NrMriethoxydeoxycytidine, N*-arntoodeoxycytidtrte, Mucrodeoxyuridine, and the lice. 

65 The term " electron-withdrawing* denotes the tendency of a subatftuent to attract valence electrons of the 

molecule of which It Is apart, Le. It Is electro negative, March, Advanced Organic Chemistry, pgs. 16-16 (John 
Wley, New York. 1965). 

Some aspects of toe invention are common to other approaches to solid phase synthesis of ofigortuo- 
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leotides, e.g. selection of protecting groups, selection of solid phase supports, and the Ike. Consequently, con- 
siderable guidance In making such selections in the context of the present Invention can be found in literature, 
e.g. Gait, editor. Oligonucleotide Synthesis: A Practical Approach (OU. Press, Oxford, 1984); Amamath and 
Broom, Chemical Reviews, Vol. 77, pgs. 183-21 7 (1977); Pon et aJ, Biotech niquea, VoL 8, pgs. 768-775 (1988); 
Ohtsuka et al. Nucleic Acids Research. Vol. 10. pgs. 6553-6570 (1982): Eckstein, editor (cited above). Greene 
and Wuts (cited above), Narang, editor, Synthesis and Applications of DNA and RNA (Academic Press, New 
York. 1987), and the like. 

Synthon precursors of the invention are generally synthesized in accordance with the following scheme: 



Generally, the synthon precursors are synthesized by reacting an app r opri a t e ly 1 ^-substituted ethane de- 
rivative with phosphorus trichloride in an aprotic solvent, preferably hexane, diethyl ether, or methylene 
chloride, at a temperature In the range of-10°-30*C in the presence of a base, such as, trfaJkylamlne or pyridine. 
Preferably, the base employed is pyridine. The resulting 2-cNoro-1,3,2-dichalcophospholane is then reacted 
with secondary amines, such as N M-d iisopropyia mi ne or morpholine. to give the preferred synthon precursors. 

Synthons of the invention are generally synthesized in accordance with the following scheme: 



wherein R 1 , R 3 through R 8 , W, X, Q, Y, and Z are defined as above. [X] represents an agent for transferring 
the X moiety to the phosphorus. When X is S, [X] is elemental euHur, 1,1 -dioxo-3H-1,2-benzodithiol-3-one, or 
an acyi disulfide or corresponding dlphosphorothioyt disulfide, e.g. Stec et al. PCTAJS91/01 01 0. When X is Se, 
pq b elemental selenium or a saturated solution of potassium sdenocyanate, e.g. in 95% pyridine/5% 
triethyiamlne as taught by Stec et al, J. Amer. Chem. Soc, Vol. 108. pgs. 6077-6079 (1984). When X is NR 2 , 
pq is azide of the form N 3 R 2 , wherein R 2 is aryl having from 6 to 12 carbon atoms. Preferably, R 2 is phenyl. 
Preferably, the reaction Is can- ted out in an aprotic organic solvent, e.g. methylene chloride, or like solvent, and 
when W is non halogen, is catalyzed with a mild acid, such as tetrazole or substituted tetrazole, e.g. Dahl et al. 
Nucleic Acids Research, Vol. 15, pgs. 1729-1743 (1987). When W is halogen, the reaction is preferably 
catalyzed by a mBd base, such as pyridine, substituted pyridine, or trlalkylamlns. Preferably, the mild base Is 
bi ethyl amine or dllsopropylethyiamtne. 

Whenever Q. X, Y. and Z are selected so that the synthon is P-criiral, the Rp and Sp forms of the synthon 
must be separated prior to synthesizing polymers of predetermined chirality at the P-stereogenic centers. As 
used herein, "Rp" and "Sp" refer to the alternative stereo-configurations of the chlral phosphorus atoms in either 
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Scheme [I 
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the synthons or the phosphorus linkages in the polymers. Exemplary R, and S p dimers are shown below: 



In reference to P-chira) polymers, the sequence of chiraJ phosphorus atoms is denoted by subscripts a ps" or 
"pr" between monomers, e.g. G^ w Qp.Q p ,Qp,Q for a pentamer having four Sp phosphorus linkages, or 
Ap.T [r G ( »Ap r Cp.Tp T T (- Gj/3p»A f ^; for an 1 1-mer oligonucleotide having alternating R. and Rp phoaphoma lin- 
kages (where A, C, G, and T represent the natural 2*-deoxynudeosidss deoxyadenoslne, deoxycytkHne, 
deoxyguartosine. and deoxythymidine, respectively, unless otherwise specified). When the phosphorus likage 
is achiral, no designation will be made between monomers. Thus, Q»QQQQ represents a pentamer with a 
singje P-chiral linkage of the S p type, whfle the rest of the linkages ere either achiral or of mixed p p and Sp chlralk 
ty. 

In regard to nudeoside monomers, the p hoe pho lane moiety of the synthons can be attached to either the 
3' or 5' hydroxyi, permitting either 3'->& or synthesis of oligonucleotides. Preferably, the phosprtotene 
moiety is attached via the 3' hydroxyi. 

Separation of the Rp and Sp china I forms of the synthons Is carried out us tog standard techniques, usually 
silica gel chromatog raphy or high performance liquid chromatography (HPLC), e.g. Mistow, Introduction to 
Stereochemistry (W.A. Benjamin, New York, 1966). In regard to nucleoside synthons, in some cases the Rp 
end Sp forms can be identified by differential susceptibilty to digestion of their oligomers to well known nuc- 
leases, but usually the Reform is the slower eluting diastereoisomer under HPLC conditions described below. 
Conventional X-ray crystallography and 2-D NMR methods can also be used to assign the absolute 
stereochemistry at phosphorus in cases where the ch'raliy of the monomer is known. As used herein, "diaa- 
tereoisomencaJly pure" In reference to the Rp and Sp forms of the synthons of the invention or in reference to 
oligomers with a particular sequence of Rp and S p chirality means the indicated stereochemistry essentially free 
of sR other phosphorus configurations. Preferably, it means a compound consisting of greater than 95% of the 
indicated stereochemistry for each linkage, on a molar basis, and less than 5% of other phosphorus configu- 
rations for each linkage. More preferably, it means a compound consisting of greater than 99% of the Indicated 
stereochemistry for each linkage, on a molar basis, and less than 1% of other phosphorus configurations for 
each linkage. 

Polymers of the Inventions are generally synthesized In accordance with the fo lowing scheme: 
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Scheme lit 

wherein Q. X, Y. and Z are defined as above, and wherein SS is a solid phase support and R 7 is a capping 
agent, e.g. acyl, isopropylphosphonate, or the lice. An important feature of the coupling reaction is the presence 
of a catalytic base, preferably non-nucleophlic, such as potassium tert-butanolate, 1 -methyl Imidazole, N- 
methylimidazoie, 4-dlmethylaminopyridine (DMAP). 1,8-diazablcydo(5.4.0]undec-7-enB (DBU), or the lice. 
Preferably. DBU is emdoyed as the catalytic base, and is employed in large (e.g. about 1 0OOOOx) molar excess 
of the reacts nts. The coupling reaction can be performed in an anhydrous organic solvent, such as ace to nitrite, 
methylene chloride, N.N-dlmethylformamkjB, or the IDce. It Is understood that SS may Include a solid phase sup- 
port with oligonucleotides attached that have been synthesized using a different chemistry, e.g. employing 
phoephoramidte synthons. 

A variety of solid phase supports can be used with the present invention, but control ed pore glass or polys- 
tyrene are preferred. Preferably, the solid phase support Is dertvatized with the first monomer of the polymer 
chain to be synthesized, such that the linking group connecting the monomer to the support Is stable In the 
presence of the catalytic base and other reagents employed in the synthesis cycle. Preferably, polymers of the 
invention are attached to solid phase supports, e.g. controlled pore glass (CPG). by a sarcosinyt linker, as 
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taught by Brown etal, J. Chem. Soc. Chem. Commun., 1989, pgs. 831-893; and Pneiderer et al. Tetrahedron 
Letters, Vol. 31, pg. 2549 (1990). Briefly, the solid phase support b ftjnctlonalfeed as foOowa: 9- 
fluorenytmethoxycarbonyi-sanx)s^ (FMOC-sarooslneXIO equN.) and dlcydohcxytoarbodllmWe (DCCX15 
equiv.) are added to long chain aJkylamino-CPG in a mixture of N.^imethytforrnarnide (DMF) end 
dk^orornethane. Removal of the FMOC group with piperidine in pyridine is followed by coupling of the ear- 
cosine methytamino group to a hydroxyl-protecte<*-rnonomer-0-succlnate (10 equtv.) In the presence of DCC 
(16 equtv.). For 5MWX*T-protected nucleosides, this results In a loading of about 20 mlcroquJv. per gram of 
dry support. 

Preferably, in addition to the general steps of the synthesis cycle given above, after each coupling step, a 
capping step is added wherein unreactedfree hydroxyls are reacted with a group that prevents further monomer 
addition. Preferably, the unreacted free hydroxyls are reacted with capping solution consisting of one part acetic 
anhydridertutidine In tofrahydrofuran (THF) (10:10:80 v/wV) and one part N-methylimidazote in THF (16:84 v/v). 
More preferably, the solid phase support is washed with a suitable solvent, usually acetonitrte, after each de- 
protection, coupling, and capping step. 

Preferably, the method of the invention is automated. The apparatus for automating can take several forms. 
Generally, the apparatus comprises a series of reagent reservoirs, a synthesis chamber containing the solid 
phase support and a computer controlled means for transferring In a pradetsrmlned manner reagents from the 
reagent reservoirs to and from the synthesis chamber and the purification chamber, and from the synthesis 
chamber to the purification chamber. The computer controlled means for transferring reagents can be im- 
plemented by a genera! purpose laboratory robot, such as that disclosed by Wilson etal. Bio Techniques. Vol. 
6, pg. 779 (1988), or by a dedicated system of tubing, and electronically controlled verves. Preferably, the com- 
puter controlled means is Implemented by a dedicated system of valves and tubing connecting the various re- 
servoirs and chambers. In farther preference, the reagents are driven through the tubing by maintaining a 
positive pressure in the reagent reservoirs by means of a pressurized inert gas, such as argon, as is used by 
many widely available automated synthesizers, e.g. Applied Biosystems, Inc. models 380B or 381 A DN A synth- 
esizers. 

Oligonucleotides of tha invention can be employed as hybridization probes, as taught in Hames et al, 
editors. Nucleic Acid Hybridization: A Practical Approach (IRL Press. Oxford, 1985). 

Polymers of the Invention can also be employed as components of pharmaceutical compositions. In the 
case of poly(aJkyl or alkenyl phosphate)* of the Invention, such compositions contain an antiviral therapeutic 
amount of at least one of the poty(alkyl or alkenyl phosphate) and/or at least one of their thiophosphate analogs 
to a pharmaceuticaily effective carrier. The po!y(alky1 or alkenyl phoaphate)a and their thio analogs may be 
administered either as a single chain length (I.e. one value of n), or as a defined mixture containing polymers 
of more than one chain length. Most preferably, a single chain length a employed h the range of 15 to 30 mono- 
mers. 

A variety of diseases and disorders can be treated by administration of a composition comprising antisense 
oligonucleotides of the Invention. Viral diseases that can be treated by antisense Inhibition of nucleic acid exp- 
ression include, but are not limited to, those caused by hepatitis B virus, cytomegalovirus, herpes simplex vkua 
I or II. human hnmunodsficiency virus type I or II, Influenza virus, respiratory syncytial virus, and human papg- 
loma virus. Malignancies which can be treated by administration of antisense compounds of ths Invention In- 
clude, but are not limited to. lung cancer (e.g., smal cefi lung carcinoma), colorectal cancer, prostate cancer, 
breast cancer, and leukemics and lymphomas. In such diseases, the antisense compounds are targeted to 
aberrantly expressed oncogenes associated with the diseases, or to other genes being inappropriately exp- 
ressed es part of ths disease condition, e.g. Aaronson, Science, VoL 254, pgs. 1146-1 153 (1991). Acute In- 
flammatory and Immune reactions, such as septic shock, eosinophils, and the Bee, can also be treated with 
antisense compounds of the invention, wherein inappropriately and/or aberrantly expressed cytokine genes are 
inhibited, e.g. Tracey et at. Nature, Vol. 330, pgs. $62-664 (1987), U.S. patent 5,055,447, arid Waage et al, J. 
Exp. Med., Vol. 169, pgs. 333-338 (1989Kantisense TNF-a and/or TNF-0); Stames et al, J. Immunol., Vol. 145, 
pgs. 4185-4191 (ig90), and Fong et al, J. Immunol.. Vol. 142, pgs. 2321 -2324 (antisense IL-6); CofTman et 
al, Science, Vol.245 pgs. 308-310 (antisense IL-5); Finkelman et al, J. Immunol., Vol. 141, pgs. 2335-2341 
(1988Kanusense IL-4); Young et at. Blood. Vol. 66, pgs. 1 176-1181 (1986Xantieense GM-CSF); and the like. 

A pharmaceutical carrier can be any compatible, non-toxic substance suitable for delivering the compo- 
sitions of the Invention to a patient Sterile water, alcohol, fats, waxes, neutral lipids, caUonlc Ifelds, and Inert 
solids may be included in a carrier. Pharmaceuticafly acceptable adjuvants, e.g. buffering agents, dispersing 
agents, and the like, may also be incorporated into the pharmaceutical composition. For topical administration, 
the compositions of the Invention are formulated Into ointments, salves, gels, or creams, as generally known 
h the art. Generally, compositions useful for parenteral administration of drugs are well known, e.g. Reming- 
ton's Pharmaceutical Science, 15th ED. (Mack Publishing Company. Easton, PA, 1980). Composltkxia of the 
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invention may also be administered by way of an implantable or injectable drug delivery system, .g. Urquhart 
et al Ann. Rev. Pharmacol. Toxicol., Vol. 24, pga. 199-236 (1984); Lewis, ed. Controlled Release of Pesticides 
and Pharmaceuticals (Plenum Press, New York. 1981); U.S. patent 3,773,919; U.S. patent 3,270,960; or the 
like. Compounds of the invention may also be conjugated to transport moieties to aid in targeting tissues or in 

6 penetrating eel membranes and the lite. e.g. as taught by Latham et a). PCT application WO 91/14696. 

Preferably, compositions of the invention are administered parenteraDy. and more preferably, intraven- 
ously. In such cases, pharmaceutical carriers Include saline solutions, dextrose solutions, combinations of the 
two, nonaqueous solutions such as ethyl oteate, and the Ike. 

Selecting an administration regimen for a composition of the invention depends on several factors, indud- 

10 big the rate of degradation of the particular compounds in serum, the accessWity of the target tissues and cells, 
pharmacokinetics, toxicity, and the like. Preferably, an administration regimen maximizes the amount of com- 
pound delivered to a patient consistent with an acceptable level of skJe effects. Accordingly, the amount of com- 
pound del rvered may depend on the particular compound and the severity of the viral infection or other condition 
being treated. Preferably, a daiy dose of the compounds of the Invention Is in the range of about 1-2 ug/kg to 

is about 10-20 mgAg. 

Example 1 

2-chloro- 1.&2-oxamiaphcWwlane 

20 

Into the mixture of pyridine {79.1 g, 1.0 moJ) and benzene (400 mL) were added at room temperature, with 
stfrring, 2-mercaptoethanof (39.1 g, 0.5 mot) and phosphorus trichloride (68.7g, 0.5 moi). Strinring was continued 
for 0.5 h, pyridinium chloride was filtered off, and the filtrate was condensed under reduced pressure. Crude 
product was purified via distillation under reduced pressure, and the fraction boiling at 70-72°C/20 mmHg, was 
25 collected. "P NMR: 8205.0 ppm (benzene). Yield: 72%. 

Example 2 

N.r4-dtlsopropylamlno-1 ,3^-oxathiaphoapholane 

90 

Into the solution of the 2-chloro- 1 ,3,2-oxaihiaphospholane of Example 1 (2d.5g, 0.2 moi) in n-pentane (300 
mL) was added dropwise, at room temperature, with stirring, N.N^iisopropylamine (40.5g, 0.4 moi). After 0.5 
h dlteopropylarnine hydrochloride was removed by fifratfon, solvent was evaporated under reduced pressure, 
and the product was distil ed. The fraction collected at 70°C/0.1 mmHg was shown by means of 31 P NMR to 
ss be homogeneous. Yield: 70%. » P NMR: 8147.6 ppm (benzene). MS: m/z 207 (M~, EJ., 15 eV). 

Example 3 

2-N,N-diisopropylamlrK>-4 t 4^>nethfyl-1 3,2-oxathiaphospholane 

40 

I nto a solution of 20 mmoles of anhydrous pyridine In benzene (25 mL) was added at temperature of 0-5°C, 
dropwise, with stirring, a mixture of 10 mmoles of 2-methyf-2-4nercaptopropanol-1 and 10 mmoles of phos- 
phorus trichloride. The reaction mixture was then maintained at ambient temperature for 1 h. Pyridine hyd- 
rochloride was Altered off and the filtrate was concentrated under reduced pressure. Distillation gave 
45 2-ch!oro4 Adimethyl-1 ,3.2-oxathlaphosphalane, b.p. 4S-52°C/0.1 mmHg. Ten rnmoies of this compound were 
dissolved in 25 mL of rvhexane and to this solution 20 mmoles of N.N-disopropylamine were added, with stir- 
ring, at room temperature. After 1 h dlisopropyiamine hydrochloride was removed by filtration and the product, 
2-N,N^llsc^rDpytamlrK>^,4^lmethyl>1 ,3,2-oxathlaphospholane, was distilled under reduced pressure. The 
fraction at 86-90°C/0.1 mmHg, "P NMR (C*D<0 d 164.3 ppm, was collected. 

Example 4 

2-N,N-diisopropylarnlno-1 ,3,2-dlthlaphospholane 

65 A. Into a solution of 20 mmoles of anhydrous pyridine in benzene (25 mL) was added at 0-5°C, dropwise, 

with stirring, simultaneously: 10 mmoles of 1 ,2-ethaned&hioi and 10 mmoles of phosphorus trichloride. The 
reaction mixture was then stirred at room temperature for 1 h. Pyridine hydrochloride was filtered off and 
the filtrate was evaporated under reduced pressure. The residue was distilled at 14 mmHg to give 1.15 g 
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(73%) 2-chloro-1 ,3£<fithiaphospholane as a colorless liquid, b.p. 1 10°C. 31 P NMR: 6170.7 pom (C«0«). 
B. into a solution of 2-ch to ro-1 ,3.2^imlaphospholane (10 mmole) in benzene (25 mL) was added, dropwtse 
at a-5°C, wtth sthing, N.N-dlteopropylamlne (20 mmole). The reaction mixture was then sttred at room 
temperature for 1 h. Diisopropyl amine hydrochloride was filtered off end the filtrate was evaporated under 
reduced pressure. The residue was distilled at 0.6 mmHg yielding 1 .4 g (63%) of 2^.rWiisopropylamlno- 
1 ,3,2-dithiaphospholane in the form of a colorless liquid, b.p. 1 10'C. "P NMR: 693.9 ppm (CO«CN) 



Example 5 

N^isopropoxyacetyl^'^^^^dlrnethoxyt^ 
pnctane-2-suffide] 

1 mmole N^sopropoxyacetyl^WJMT^'-deoxyade^ and 1 mmole 1-H-tetrazole were dried under 
vacuum at 50°C. After dissolving in anhydrous methylene chloride (3 mL) 2-dlisopropylamino-1 ,3^- 
oxathiaphosphoiane (1 .1 rnrnoJe) was added whh stirring. Stirring was continued for 1 h at amble rrt temperature 
and then 1 0 mmole of elemental sulfur waa added and stirred overnight The reaction mixture was concentrated 
to dryness and purffied on a silica gel column. Yield: 90% »■ P NMR: 6103.63; 6103.58 ppm (CA), 85% H, 
POx as an external standard. 



Example 6 

N^-lsopropoxyacetyt^'^PMT-Z^ 

The same procedure was followed as in Example 5. with the exception that NL r 4sopropc^cetyl-5 , -0-DMT- 
^-deoxycytidlne was used aa starting material. Yield: 87-88%. 31 P NMR: £104.38; 810436 ppm (C^), 85% 
H«POa as an external standard. 



Example 7 

r^lsopropoxyacetyl^'-O-DMT^^eox 

The same procedure was followed as in Example 5. with the exception that N 2 4sopmpoxyacetyi-5'-0-DMT- 
2'-deoxyguanoslne was used as starting material. Yield: 72%. 30 P NMR: 6103.66; 6103.58 ppm (CsDq), 85% 
HjPCXi aa an external standard. 

Example 8 

5'^-DMT-2 / deoxymymldine-3'-0-[1 t 3^-oxamia^^ 

The same procedure was followed as In Example 5. with the exception that S'-O-OMT-^-deoxymymJdlne 
was used as starting material. Yield: 92%. * P NMR: 8104.14; 5104.12 ppm (C*D& 85% H 3 PO^ as an external 
standard. 



Example 9 

Separation of the Stereoisomers of the Synthons of Examples 5j 

Diastereoisomeric mixtures of the synthons (A*- C*-, G*» and T re present the products of Examples 5-8, 
respectively) were separated on silica gel (KleseJgeJ 60H) columns (200 x 60 mm) as hdteated In the table be- 
low. 1 g of the product waa applied in each case. 
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Faster Eluted Isomer Slower Eluted Isomer 







Eluent 


Ratio 


Arm. 


31P MMR 


Aim. 


21P NMfl 


o 


A*» 


thy I acetate: 
heptane 


2:1 


300 mg 


1 03.58 


250 mg 


1 (JO . DO 


10 


CP* 


ethyl acetate: 

methylene 

chloride 


1 :1 


350 mg 


1 04. JO 




104.38 


15 




ethyl acetate: 
methylene 
chloride: 
methanol 


2:1 :0.2 


230 mg 


103.50 


150 mg 


103.66 




T 


ethyl acetate: 
heptane 


2:1 


350 mg 


104.12 


200 mg 


104.14 



20 



Example 10 

Further Synthesis of Nucteoside-3*-OP-thiono-1 t 3 f 2-oxathialphospholarte1 Synthons 

25 

Nucleoside synthorts were prepared with the exooydlc amines of the base moieties p rote cted as follows: 
Nfi-benzoyladenine. ^-benzoyl cytosine, and Ny4sobutyrylguanine (the corresponding synthone being rep- 
resented as A te . C*«. and G 8 " respectively, and the thymidine syrrthon as T). Each of the four synthone were 
prepared as follows: The mixture of the respective protected 5'-DMT-CK2'decocyrtx>niJCteo3We) (10 mrnol) end 

ao 1 H-te trazole (0.77g, 1 1 mmol) was dried under high vacuum for 5 h and then dissolved In dtehloro methane (25 
m L). Into this solution the product of Example 2 (2.2Sg, 11 mmol) was added dropwiee over 10 min and the 
resulting mixture was makitained at room temperature with stirring for 2 h. Elemental sulfur (0.4 Sg, 15 mmol), 
previously dried on a vacuum line for severe} hours, was added in one portion to the reaction mixture which 
was left overnight with stirring. Unreacted sulfur was fitered off and solvent was evaporated on a rotatory 

ss evaporator. The residue was dissolved in chloroform (3mL) and applied to a silica get (30cm x 6cm column, 
170g of 230-400 mesh siica). Elutkm was performed first with CHC^ (200 mL) and then with CHCfeiCHsOH 
(97:3. v/v). Isolation was monitored by HPTLC of collected fractions. Collected fractions containing the respec- 
tive products were pooled together and evaporated. After solvent evaporation, all products were obtained as 
white foamy solids and consisted of mixtures of the respective Sp and R, dlasteraoieomere (in yields of 90%, 

40 89%. 85%, and 92% for A te , O" <¥*", and T, respectively). 

The pure diastereoisomers In al cases were obtained by procedures simlar to that which follows for O*. 
1g of the product was dissolved in ethyl acetate (4 mL) and loaded onto a column (30cm x 6cm) of siicageJ 
60H (20 Og, Merck, Art No. 7738). Diastereoisomers were eluted with ethyl acetate and fractions of 1 5 mL were 
collected. Button of products was followed by means of HPTLC (threefold development In ethyl acetate; de- 

45 taction: Ha spray). Fractions containing separated diastereoisomers (FAST: fractions 61 -73, and SLOW: frac- 
tion* 87-98) were pooled together, respectively, concentrated to dryness under reduced pressure, and the 
residue was characterized by means of »P NMR end HPLC (using Lichrospher SHOO, 5 urn (30cm x 7.8mm), 
with ethyl acetate as an eluent-flow rate 3 mL/min). For the FAST dtastereoteomer: 250 mg recovery (yield 
26%), *P NMR (ki CeDe. HsPO* as an external standard): 8104.31 ppm (benzene) 100% dlastereoteomerio 

so purity. For the SLOW diasteraoisomer. 180 mg recovery (yield 18%), "P NMR: 8104.26 ppm (benzene) 100% 
d.p. Fractions 74-88 were recycled for repeated isolations of the isomers. Data on the isolated synthons is sum- 
marized in the table below: 
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Faster Eluted Isomer Slower Eluted Isomer 

Svnlhon flip NMR R { SlfiJ^MB Bf_ 

A** 103.23 0.34 103.18 0.31 

C*K 104.31 0.27 104.26 0.22 

G*" 104.52 0.22 104.17 0.20 

T 104.27 0.59 104.23 0.57 



Example 11 

1 rnmol of 5'-O-0 WT-thymldine and 1 mmol of 1 H-tetrazote were dried under vacuum for 3 h. 4 mL of CH2CI2 
were added and then the resulting solution was mixed with 1 mmol of 2^ ( N^ii»opropylamino-4,4-dimethyi- 
1 ,3,2-oxamlaphospholane. Phos phltylation was followed by means of TLC (CHCI>MeOH at 9:1). After disap- 
pearance of the phosphftylating reagent, to the reaction mixture 1 mmol of elemental sulfur was added and the 
reaction was stirred for 2 h at room temperature. Products were purified on a silica gel column using CHCI3. 
Yield: 68%. R, (TUC) 0.74 (CHCI 3 :MeOH at 9:1 ) *P NMR: 108.08; 107.80 ppm (CD3CN). 

Example 12 

Nucleoskje^^DMT^-K-thiono-l .3.2-dithiaphosoholanel Synthons 

The product of Example 4 was reacted as described In Example 11 with 5'-DMT -protected nucleosides 
(exocyclic amines being protected as in Example 10) to give the 2-thiono-1,3^-dahiaphospholane synthons. 
It was found that the effectiveness of the suHurization was enhanced by the presence of trace amounts of pyri- 
dine. The results are given below: 





YifiW 


Rj (TLQ) 


31P NMR DOm 


A** 


62.4% 


0.80 


123.95 (CD3CN) 


C* 


81.4% 


0.74 


124.70 {CD3CN) 




50.4% 


0.61 


124.96 (CD3CN) 


T 


74.4% 


0.65 


121.93 (CeOe) 



Example 13 

y^-DMT-thymkjlne-3'-Q42-eeleno-1 ,3,2-oxamiaphospholane] 

S'-O-DMT-thymidine was reacted with 2-N,N^isoprop^mirio-1^>oxathiaphospholane and elemental 
selenium under conditions analogous to those of Example 11. Yield 80%, «P NMR: 99.05, 98.90 ppm, (CHCU), 
Jpee 952-16 Hz, R, 0.77 <CHCI 3 :MeOH at 9:1). 
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Example 14 

Synthesis of oMMJMT-nudeosldes Bound to Solid Phase Support Via Sarcoslnyl linker 

A Long chain alkylamirte CPG (LCA-CPG. Sigma , Cat No. L-8638. 500 A. 80-1 30 mesh. 2 g) and N-Fmoo 
saroosine (Bachem Bioscience, Inc., Prod. No. B-1720, 0.5 g, 1 .6 mmol) were mixed together and dried 
under high vacuum for 3 h. Dry dlmethytformamlde (5 mL), pyridine (0.5 mL) and dlcydohexylcaroodlmkle 
(0.5 g, 2.4 mmol) were added and the whole mixture placed in a tightly doses vial (J A mL) was gently sha- 
ken for 12 h. A suspension of the solid phase support was transferred into sintered glass funnel, solvent 
removed by suction and the support was washed three times with methanol/acetonrmle/pyridine (1:1:1, 
v/v/v, 3 x 20 mL). Residual solvents were removed under high vacuum and the N-Fmoc-sarcosinytated 
LCA-CPG was suspended in a 10% solution of piperidine In pyridine (v/v, 10 mL) for 0.5 h to remove the 
Fmoc protecting group. The N-earoosinylated LCA-CPG was filtered off and washed with metha- 
nol/acetonttrie/pyridine (1:1:1, v/vrv, 3 x 20 mL) and subsequently dried under high vacuum for 5 h. 
B. The product obtained according to A (0.5 g) was separately mixed with the respective 3'-0-sucdnylated 
5'-0-DMT-dA ta , -dG»*\ -dC ta , and -dT, and the mixtures were dried under high vacuum for 2 h, after which 
DMF (2 mL), pyridine (0.2 mL), and DCC (50 mg) were added and the resulting mixtures were moderately 
shaken at room temperature In tightly closed vials for 12 h. A suspension of the solid support from each 
mixture was separately transferred to a sintered glass funnel, washed three times with methanol/acetonrt- 
rile/pyridine (1 :1 :1 , v/v/v, 3 x 20 mL), and finally with acetonitrile (3x10 mL). After drying with a flow of dry 
nitrogen, the supports were treated with an acyiaBng reagent (N-methyl rrtdazcle/THF, 1 mL, Applied 
Biosys terns. Inc. Cat No. 400785, and acetic a nhycrideAutWine/THF, 1 mL, Applied Biosystems, Inc. Cat 
No. 400607) for 1 5 min. After a thorough wash with methanoVacetonite'le/pyridine (1 :1 :1 , v/v/v, 3x10 mL) 
and acetonitrile (3x10 mL), the resulting solid phase supports were dried under high vacuum. Loading of 
the supports with the respective nucleoside as determined by trityl assay were as follows; CPG-sarcosl- 
m/-<lA te : 4Z7 janioug; CPG-sarcoslnyl-dG*": 46.7 jimol/g; CTO-sarooslnyl-dCte: 31.6 jimol/g; and CPG- 
sarcosiny WT: 35.0 umol/g. 

Example 15 

2 > KteoxyadenyyK3%5>2'^eoxyadenosinB phosphorothioate (Rg isomer) 

A. Through a column (volume 1 10 »L), secured with a filter at each end, and containing 1 umol of Nq-Isod- 
ri^Qxyacetyl-S'-O-DMT-^-deoxyadenoaine (Uznanskj et al. Nucleic Acids Research, VoL 17, pgs. 4863- 
4868 (1 989)) attached to a solid support, 5 mL of 2% dfchloroacetfc add to methylene chloride was passed 
for 1 minute, then the support was washed with 15 mL of ace too arte and dried under high vacuum. 

B. Into the column prepared as described above, 110 uL of the solution containing 30 umol of Ne-isop- 
ropoxyacetyl-S^DMT^'^eoxyadeno (slower eluting dias- 
tereoisomer) and 300 umol of 1,8-diazablcyclop.4.0l-undec-7-ene (DBU) was introduced. The reaction 
was continued for 20 minutes at 1 6-24°C. The column was washed with 10 mL of acetonttrte, and then 5 
mL of 2% dichloroacetic acid in methylene chloride was passed in order to deprotect the S'-hydroxyl func- 
tion. 

C. After a thorough wash with acetonitrile. 1 mL of 25% ammonia solution was slowly passed through the 
column for 1 h In order to cleave the dlmer from the solid support and to deprotect the exocycllc amino 
functions. The product was purified by means of H PLC (PRP1 Hamilton column, 30 x 7 mm) using a gradient 
of 5-20% acetonHrUe-water, 0.1 M methyl ammonium bicarbonate (TEAB), flow rate 3 mL/min. 

Example 16 

^R^RoR^RJR BRJ OOctethymidyl phosphorothioic acid 

The synthesis was performed as described in Example 14, except that 5'-0-DMT-thymldine-3'-0-1 ,3,2- 
oxathlaphospholane synthons (slower eluting dlastereobomers) were used In 7 coupling cycles. The product 
was washed, d saved and de protected, and purified ae described in Example 14. 

The product was assayed by snake venom phosphodiesterase (svPDEKCrotalu& adamanteus). which is 
known to hydroryze Rp isomers of phosphorothioates, and by nuclease P1 (Penidlium cftrinum) , which is known 
to hydrolyze S p isomers of phosphorothioates. Buffer I was prepared for the svPDE: 100 mM Tris HCI pH 8.5 
and 15 mM MgCfe. Buffer II was prepared for nuclease P1: 100 mM Trie HCI pH 7.21 mM ZnCla. For the svPDE 
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assay, 1 optical density unit of the octathymWyl phosphorothioic acid product was added to 20 pg of svPDE in 
500 nL of Buffer I and incubated for 24 h at 37°C. HP LC analysis as described in Example 14 showed that the 
productwas completely hydrolyzed to thymUlne-S'-phcsphorothtoate. Forth© nuclease P1 assay, 1 optical den- 
sity unit of the octal hym idyl phosphorothioic acid product was added to 10 pg of svPDE in 500 uL of Buffer II 
6 and incubated for 24 h at 37°C. HPLC analysis as described in Example 14 showed that the product was com- 
pletely resistant to hydrolysis by the enzyme. 

Example 17 

10 (S^pS^S^SgSoS ^-Octathymidyl phosphorothioic add 

The completely Sp-chiral octathymldyi phosphorothioic acid was synthesized as in Example 15, except that 
the faster etuting (Sp) diaatereoisomsr of 5'0-DMT-thymidine^'^1,3^-oxathiaprioaphoiane-2-«ulfidB was 
used as the synthon. The product was assayed svPDE and nuclease P1 as In Example 15 and was found to 
is be completely resistant to svPDE and to be completely hydrolyzed by nuclease P1 . 

Example 18 

Diwymidyl^3\y)H?hosphorodithioate 

20 

A. In solution. 

The mixture of S'^^MT-bVriidine-a^^^iono-l.a^-dithiaphoepholane] (0.3 mmol) and 3'-0-acetyl 
thymidine (0.3 mmol) was dried under vacuum for 3 h, then dissolved in 3 mL of anhydrous CHjCN. To this 
25 solution 033 mmol of DBU was added and this mixture was maintained, with attiring, tor 3 h at ambient tem- 
perature. *P NMR examination showed presence of 70% of 3'-0^'-0~protected dlthymWyl-(3 , t 6 r )-phos- 
phorodithioatB (6116.7 pom), 2% of unreacted synthon, and 28% of side products (571.8 and 672.2 ppm). 
Evaporation of solvent left solid which was dissolved in 3 mL of 80% CHgCOOH. After 2 h acetic acid was re- 
moved under reduced pressure and residue was redissdved in 5 mL of 25% NH4OH. This solution was Incu- 
se bated at 55"C tor 15 h. After concentration and dissolution In 5 mL of water, solid particles were fltered off and 
filtrate was introduced into a column filled with DEAE-Sephadex A-25. Product was eluted with TEAB, gradient 
0.05-1 M. UV-abaorbing fraction was collected and concentrated. 51 P NMR (D2O) showed the presence of pro- 
duct, 61 13.8 ppm, purity >95%, Yield from UV absorption profile, 46.6%. Further analysis by FAB-MS confirmed 
product as ditriymKJyH3',S>phQepftorodimbatB. 

35 

B. On solid support. 

1 Mmol of CPG-T In a column (Applied Bbsystems, Inc.) was detritylated and 10 umol of S'-O-DMT-tftyml- 
dine-3'-<H2-trilono-1 ,3,2-djmiaphospholane] (dried under vacuum) diluted with 140 uL of CHjCN was intro- 
40 duced to the column together with 10 umol of DBU In 15 uL of CHjCN. After 10 minutes (with occasional 
shaking), the column was washed with CH a CN, detritylated, and deprotected and cleaved using standard pro- 
cedures. HPLC analysis (ODS Hypersil. linear gradient 5->20% CH,CN in 0.1 M TEAB, 20 min, R.T. 12.3 min.) 
showed product consisted of dithymxJyl phosphorodithioic acid contaminated with 8% thymidine. 

45 Example 19 

DithymidyK3\S , )^hosphoroselenoate 
A. In solution. 

60 

0.1 mmol of the product from Example 13 in 0.5 mL CHgCN was added to the mixture of 0.1 mmol 3*-0- 

methoxyacetyl thymidine and 0.1 5 mmol DBU. After 10 min 31 P NMR examination showed the presence of about 

80% of a'.S'-protected dl!hyrnldyH3',5'>-phosphoroselenoate (849.7 and 649.5 ppm) and 20% of unidentified 
side products (659.7 and 659.6 ppm). 

65 

a On a solid support 

1 umol of CPG-T In a column (Applied Bfosystems, Inc.) was detritylated and 10 pmol of S'-O-DMT-ttiyml- 
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dine-3'-0-[2-S4Eder>o-1 ,3,2-oxatJYiaphospholane] diluted with SO uL CH3CN was introduced to the column to- 
gether with 20 umol of DBU In 100 pL of pyridine. After 10 mJn, the column wee washed with acetonftrie, det- 
rttytated, and the product was cleaved from the support HPLC analysis (ODS Hypersl, linear gradient 5->20% 
CH3CN in 0.1 M TEAB over 20 min. R.T. of 8-87 and 9.54. Yield: 85% (via HPLC). 

Example 20 

Control of Stereos pecfflctty under Conditions of Automated Solid Phase Synthesis 

An Applied Btosystems, Inc. (Foster City, CA, USA) model 380B automated DMA synthesizer was em- 
ployed using the manufacturer's columns (1 umol scale). The manufacturer's program used routinely for the 
synthesis oligonucleotides via the 2-cyanoethyiphosphoramidite method was modified according to the pro- 
tocol presented in the following table: 



r^flrnlcal steps for one svnthesJs cvcle 



step Rpaoent or S olvent Purpose Time (mini 



1 


a) 


DrcMoroacetic add in CH2&2 
(2:98. v/v) 2 mL 


DETRTTYIATION 


1.5 




b) 


Acetonitrile 5 mL 


WASH 


2 


2 


a) 


Activated nucleotide in 
acetonitrile* 


COUPLING 


10 




b) 


Acetonitrile 5 mL 


WASH 


2 


3 


a) 


Acetic anhydride/lutidine in THF 
(10:1 0:B0, Wv/v) 1 mL 
N-methyUmidazole in THF 
(16:84, vyv) 1 mL 


CAPPING 


1 




b> 


Acetonitrile 5 mL 


WASH 


1 



* For 1 umol synthesis scale 2 M 08U in pyridine (150 uL). and 0.1 M 5-0- 
DMT-deoxynucleoside-3*-0-[2-thiono-1 ,3,2-oxathiaphospholaneJ (o1 
Example 10)(50 oX) in acetonitrile was used. 



Reservoirs 1-4 of the DNA synthesizer were ffiled with solutions of pure diastereoisomers (Example 10) h 
acetonitrile (0.1 M), and reservoir 9 (usually containing the 1H-tetrazole activator) was filed with 2 M DBU In 
pyridine. In each case, at the completion of synthesis, acidic detritytation was followed by ammonia cleavage 
and base deprotection. Products (dimers) were analyzed and purified by reverse phase HPLC using an ODS 
Hypersa (5 urn) column (30 cm x 4.6 mm) that was e luted with the linear gradient of acetonitrile: 5->20% 
CH3CN/0.I moi TEAB; 0.75%/min; flow rate 1 .5 mL/min. Results are summarized in the table below. HPLC pro- 
files are given In Stec et el, Nucleic Acids Research, Vol. 19, pga. 5883-5888 (1991): 
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ftt»r«>ngn«rifteltfr>« of Ihe formation o f rf8nii^k»Qtidft.fa > .S , VOhQSnhQfQthiQate3 



Syrtihon fa\ niasterpomorin nurftv fbl 



Product 



ni n «h>r»rtmftrin ouritv (C\ 



T 
T 



Ate 
C* 

C* 



FAST 

SLOW 

FAST 

SLOW 

FAST 

FAST 

SLCW 

SLCW 

FAST 

SUDW 



95% <d> 



100% 

100% 

100% 

100% 

100% 

95% (d) 

100% 



100% 
100% 



ISp)-d(TT) 
[Rpl-d(TT) 
[Sp|-d<AA) 
[Rp]-d(AA) 
[S p l.d(CC) 
[S p ].d(CC) 
[Rp|-d(CC> 
[R p |-d(CC) 
[Spl-d(GG) 
[Rp]-d(GG) 



99.0% 

100.0% 

99.4% 

99.5% 

99.3% 

95.0% 

99.5% 

95.0% 

99.3% 

96.0% 



{ a > Sams nomenclature as in Example 10. 

( b ) AH the diastereolsomeric symhons were identified via HPLC by cotnjeciions with 
genuine samples prepared according to Siec el al. J. Amer. Chem. Soc.. Vol. 106, pgs. 
6077-6079 (1964). 

(c) Via HPLC. 

(d) Prepared by mixing separated diastereoisomers. 



As can be seen from the above data, the SLOW eluting diastereoisomers are always giving a dinudeotide pro- 
duct in the Rp configuration, while the FAST eluting dieetereotsomers are always giving a dinudeotide product 
In the S p configuration. 



Control of Stereos peeffidty under Conditions of Automated Solid Phase Synthesis Using Nucleosides 
Bound to Solid Phase Support Via Sarooslnyl Unker 

The procedure of Example 20 are followed, except that in place of the manufacturer^ columns, columns 
are provided that are filled with S'-DMT-nudeosides bound to a solid phase support via a sarcosinyi linker as 
described in Example 14. 

Example 22 

(RpRpR 0 R ^-penta-(2'-0^eoxycytidine phosphorothioate 

A (RpRpRpRpRp)-penia-(2'-0-deoxycytk^ phosphoiolhioate) was synthesized with an automated DMA 
synthesizer as described In Example 19 using the CPG~sarcosinyf-dC« solid phase support as described ki 
Example 20, A solution of the SLOW eluting synthon of Example 10 (100 mg) in acetonitrie (1.2 mL) was em- 
ployed. Tritylated and detrityiated products were isolated by two-step reverse phase HPLC. Analysis of both 
the tritylated and detrityiated products by HPLC (same column aa In Example 19) gave rise to single peaks 
(flow rate 1.5 mL/min). For tritylated compound: r.L 20.40 min (5-30% CHaCNTO.1 M TEAB, t=20 mln, exponent 
0.25). For detrityiated product r.L 11.60. 5-20% CH 3 CN/0.1 M TEAB, 0.75%/min). Preparative yield: 14%. En- 
zymatic analysis as described above showed the product to be of atl-Rp fonn. 



A (SpSpSpSpSp^penta-^'-O-deoxycytWIne phosphorothioate) was prepared as described In Example 21, 
except that the FAST eluting synthon was employed. With the same analysis as in Example 21, the tritylated 
compound had a r.t of 20.7 min. and the detrityiated product had a r.L of 12.00 min. Preparative yield: 15%. 



Example 21 



Example 23 
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Enzymatic analysis as described above showed the product to be of aN-S p fom\ 
Example 24 

Synthesis of P-chira) Antisense Compound 

A1l-Rp and all-Sp forms of the 28-mer antisense oligonucleotide phosphonrthloatB, 5*- 
TCGTOGCTGTCTCCGCTTCTTCCTGCCA, are synthesized with an automated DNA synthesizer as described 
by Examples 19 and 20 using the SLOW and FAST eluting synthons of Example 10, respectively. 
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Sequence Listing 

1 

pure nucleotide sequence 
11 bases 
Linear 
No 
Yes 



11 



2 

pure nucleotide sequence 

28 bases 

Linear 

Yes 

Yes 



TCGTCGCTGT CTCCGCTTCT TCCTGCCA 28 

90 



35 



40 



45 



BO 



6 SEQ ID NO: 

SEQUENCE TYPE: 
SEQUENCE LENGTH: 
TOPOLOGY: 
ANTI-SENSE: 

10 SYNTHETIC: 



ATGACTTGGAC 

15 



20 

SEQ ID NO: 
SEQUENCE TYPE: 
SEQUENCE LENGTH: 
TOPOLOGY: 
25 ANTI-SENSE: 
SYNTHETIC: 
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Claims 



1. A compound of the general formula 




In which 



Q is C r Cft slkylene, C^Ca alkenylene or Cf-Cg oxaaDcytene or thia-alkytene each containing 1 or 2 
heteroatoms, or -O-Q-O- Is a nucleoside or nucleoside analog; 
R 1 is hydrogen or a hydroxy! protecting group; 

X is O, S r Se or »NR 2 in which R 2 is d-C 5 alkyl or C«-C 12 aryt, adkylaryl or alkenylaryl; 

YteO.SorSe; 

Zte S orSe; and 

each of R 3 . R*. R 9 and R° is hydrogen or C,-C 4 alkyi or all of R 3 , R 4 . R 5 and R 6 and the carbon atoms to 
which they are attached together constitute <VC 12 aryt, alkylaryl or alkenylaryl. 

2. A compound according to claim 1. in which Q is PrC« aOtytene, a&enylene, or oxa-«)kytene. 

3. A compound according to claim 1 or dalm 2. in which R 1 -O-Q-O- is a group of the formula 



In which 

B b a purine or pyrimkJine base; 

D is hydrogen, halogen, hydraxyl or OR* in which R' is Ci-Ca alkyl oraZ-hydroxyl protecting group; and 
R 1 has the meaning specified In claim 1. 

4b A compound according to claim 1 or claim 2, in which R 1 -O-Q-O- Is a group of the formuia 




o P 




in which 

ty is hydrogen, hydroxy or OR" In which R" is a 3'-hydroxyt protecting group; and 
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B and D have the meanings specified in claim 3. 
&. A compound according to claim 1 or claim 2, in which FV-O-Q-O- Is a group of the formula 




in which R1 has the meaning specified in claim 1, B has the meaning specified in claim 3 and D' has the 
meaning specified in claim 4. 

6. A compound according to any one of claims 1 to 5, which Is in the diastereolsomerically pure Rp form. 

7. A compound according to any one of claims 1 to 5. which is in the diastereoisomericaJiy pure S p form. 
8- A cyclic phosphite of the general formula 



R 3 




In which 

W is halogen, C^C* dialkyiamino, morphdino, pipericfino or pyrrolidine; and 
Y, Z, R 3 , R 4 , R 5 and R 8 have tha meanings specified In d aim 1 . 

ft. A compound according to claim 8, wherein 
YbOorS; 
Z is S; and 

W is chlorine, morpholino or dusopropylamtna 

10. A oompound according to ctahn 9, wherein 
W is chlorine; and 

each of R 3 , R 4 , R 6 and R 8 is hydrogen or methyl. 

11. A method for the preparation of a compound according to any one of claims 1 to 7. which comprises react- 
ing a compound according to any one of claims 8 to 10 with a compound of the formula 

Ri-O-Q-OH 

in which R 1 and Q have the meanings specified n claim 1, in the presence of a reagent [X] for transferring 
the desired moiety X onto the phosphorus. 

12. A method according to claim 11, wherein 

(i) X is O and [X] Is elemental oxygen or a peroxide; 

(ii) X b S and pq is elemental sulfur, an acyi disulfide or a diphosphorothioyl disulfide; 
(ID) X Is Se and [X] Is elemental selenium or potassium selenocyanate; or 

(lv) X te =NR 2 and pq Is N^R 2 In which R 2 has the meaning specified tn claim 1. 

13. A polymeric compound comprising a sequence of monomer units and of phosphorus linkages of specified 
chirality. the polymeric compound having the general formula 
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X 
ii 

9-o-p-o 
y 



15 



in which 

Cf is Cf-Gs&fcyl. Cj-Co alkenyl or CrCeCxa-alkyl orthia-alkyi each containing 1 or 2 heteroatoma. or-O-Q' 

is a nucleoside or nucleoside analog; 

n has a value from S to 200; and 

Q, K>, X and Y have the meanings specified In claim 1. 

14. A polymeric compound according to claim 1 3, having the general formula 



B 



H 



6 



H 



in which 

R 1 , X and Y have the meanings specified in claim 1; and 
B and D have the meanings specified In claim 3. 

15. A polymeric compound according to darn 1 3, having the genera) formula 



i 

L Y 




OH O 



16. 



In which 

R\ X, and Y have the meanings specified in claim 1; i 
B and D have the meanings specified in claim 3. 

A polymeric compound according to claim 1 5, 
wherein 

XteOor S;and 



22 



EP0506 242A1 



YisOorS. 

17. A polymeric compound according to claim 15 or claim 16, wherein n has a value from 12 to 60. 

18. A polymeric compound according to any one of claims 15 to 17, wherein all phosphorus linkages are Rp 

chiral. 

19. A polymeric compound according to any one of claims 15 to 17, wherein all phosphorus linkages are S p 
chiral. 

20. A polymeric compound according to daim 18 or claim 19, In the form of a 21 -me r to 2S-mer oligonucleotide 
having the sequence 

y-TOGTCGCTGTCTCCGCTTCTTCCTGCCA. 

21. A method for the preparation of a polymeric compound comprising a sequence of monomer units and of 
phosphorus linkages and having the general formula specified in dafm 13, which comprises the steps of 

(a) attaching a first monomer having a protected hydroxy! to a solid phase support; 

(b) ^protecting the protected hydroxy! to form a free hydroxy!; 

(c) reacting the free hydroxy! with a compound according to any one of claims 1 to 7; and 

(d) repeating steps (b) and (c) until a product of desired length Is obtained. 

22. A method according to daim 21 for the preparation of a polymeric compound according to any one of daims 
1 3 to 20, wherein in step (c) the compound according to any one of daims 1 to 7 Is of specified chirality. 

23. A method according to claim 21 or daim 22, which indudes the further step of capping un reacted free hyd- 
roxy! a after step (c). 

24. A method according to any one of daims 21 to 23, wherein step <c) is carried out in the presence of a 
catalytic base, 

25. A method according to claim 24, wherein the catalytic base is 1 . 8^iazabkyciofA4.0|urKlec^7-eiie. 
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